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Abstract. This paper introduces novel techniques for person-centric services in
pervasive spaces. These are focused on the support of independent living spaces
for people with mild cognitive impairment, for example. We demonstrate from a
technical perspective, how such services could be realised based on the emerging
concepts of a distributed network of knowledge, facilitating dynamically
composable and flexible service provision that engenders service continuity -
beyond the home for example.
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Introduction

As the population continues to grow, society is faced with the challenge of supporting
those within the community who still remain within their own homes and are not fully
independent. Independence can be regained by a number of stakeholders providing
support — healthcare providers may visit the home to administer medication and
monitor vital signs, close members of the family may be responsible for the reminding
of simple daily activities and neighbours may offer the comfort of security by being in
close proximity. It has become more and more widely appreciated that the application
of technology within the home environment can provide, to a certain extent, a degree of
independence which may have previously been provided by one of the aforementioned
stakeholders. The major benefits of deployment of technology in such a manner is the
potential to extend the duration a person remains in their own home and thus avoids
institutionalisation.

Although technology can promote independence and indeed impact positively
upon a patient’s quality of life, detrimental effects can also be witnessed if reliance
upon the technology reaches a level where the patient will not leave their own home in
fear of losing the support once outside of the home. Taking this into consideration it
becomes necessary to ensure the technology has a degree of portability and continuity
of service to ensure its support both inside and outside of the home environment. This
requires the continuum of services from within the home to places like supermarkets,
hospitals and banks i.e., places patients are likely to visit.



1. The Need for Intelligent Services

In our current work we have addressed the requirement of portability and continuity of
service from a number of perspectives. In the first instance we have undertaken a needs
assessment of a likely cohort of patients who would benefit from availing of such a
service — mild dementia sufferers. We have translated these needs into an identification
of service delivery requirements within the home environment and subsequently
extended these services to one key service for use outside the home. We have
subsequently demonstrated, from a technical perspective, how such a service could be
realised based on the emerging concepts of a distributed network of knowledge.

1.1. Requirements from a Mild Dementia Perspective

Patients with dementia are roughly four-times more likely than those without dementia
to require institutionalized care. In the UK alone it is estimated that more than 750,000
people are affected by dementia®; and by 2050 there will be about 1.8 million people
with dementia in the UK due to steady increases in the numbers of older people.
Similar figures at European and Global levels are also witnessed. By providing home
support at an early stage is ultimately likely to be cost effective, particularly when
individuals live alone — a situation involving roughly a third of dementia sufferers at
any one time. Within the home environment it has been identified that technology can
be used to support a wide range of tasks. These can be categorised as follows:

e cognitive reinforcement — helping people to remember

e social reinforcement — helping maintain social contact

o functional — performing daily life activities

e security — enhancing feelings of safety.

Although techniques such as notebooks and diaries have addressed some of these
needs, evolving technical solutions offering a form of cognitive prosthetic are making a
positive impact.

1.2. Supporting independence beyond the living environment

To avoid reducing the net impact of cognitive prosthetics introduced within the living
environment requires ensuring a continuum of service i.e., the service provided is not
lost once the patient leaves their home. If we consider the typical requirements a typical
dementia patient would exhibit a key requirement would be spatial orientation
reinforcement i.e., continuation of support from their network of family/friends/carers
when they leave the home. An example of when such a service would be required
would be in instances of the person not being able to find their way home or to
remember why they have left the house, for example, to attend an appointment.

From a technical perspective addressing the problem of spatial reinforcement is
largely complex for a number of reasons. In the first instance the service must be
delivered to available stakeholders at a number of levels of granularity. For example,
provision of service with those in close proximity perhaps in the same building or street,
or those in the same town or alternatively those who may be simply ‘available’ to offer
support but may be located within a larger geographical area. A secondary issue for
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consideration is are the people within proximity able to support the patient? For
example a patient who requires some advice as to why they have left the house may
only be able to receive support in this instance by a family member who has access to
the patient’s daily agenda. On the other hand, if the stakeholders’ prosthetic raises an
‘emergency suggestion for intervention’ message then the appropriate stakeholder who
can be contacted should be made aware of the situation.

If we assume in the first instance that communication between the patient’s
cognitive prosthetic and the stakeholder’s prosthetic can be established the problem
becomes one of information management within a networked environment addressing
the dynamic positioning of the patient and stakeholders. This suggests that the
requirements of the technical service should provide for the following:

e Situation awareness — to identify the positioning of the patient and

stakeholders

e Self organising — to identify the closest stakeholder in instances of alarm

e Autonomy - the ability of the service to dynamically self adapt

e Knowledge management — the ability to infer from the knowledge within the

network

Based on these criteria the following sections provide a description of a technical
realisation for these issues based on a knowledge network paradigm.

2. A Distributed Network of Knowledge

One of the challenges for future smart environmental infrastructures is the need for
them need to reason about their situation and to understand their own behaviour. To do
this they are required (both at the level of individual components and as a whole) to be
introspective and reflective, and to feed back the results of these processes to be used to
improve performance. While this provides the knowledge with which they can,
eventually, manage and configure themselves it does also make them more self-aware
or in short it makes them smarter. However, in order to get ‘smarter’, the environment,
its entities and services need some form of properly represented, well correlated and
widely accessible repository that leads to the concept of knowledge network.

Within the concept of a knowledge network there is a basic need for the expressive
and flexible means to promote context-awareness. Smart environments, their
components and services need to have awareness of situations with differing degrees of
granularity [1]. There is a requirement for some form of computational model of
context processing as presented in [2] that orchestrates context stimuli and components
in a coherent representation. Additionally, there is a requirement for some way of
gauging the quality of contextual information objectively as it is gathered, as from the
Quality of Context mechanism of Buchholz et al. [3]. As described in [3] any
contextual information has associated with it parameters including precision of
information, correctness probability, trust worthiness, resolution and regency. Simply
said, contextual information cannot be reduced to a trivial set of data to be accessed by
components, but requires some higher-form of organization.

As depicted in Figure 1 (a), knowledge networks have to provide a virtual view of
the environment they are operate in to allow the concept of interest to adapt to
changing conditions. In our current work this is based on a “Computational Fields”
perspective that can be represented through knowledge networks [5] [ EHlEIGNGoMul!



details of the computational fields approach as previously published in [5] [ EHlaneol
will be presented in the full version of this paper. In summary let us assume that:

e the presence of a person in an environment (e.g., a shopping mall) can be
translated into a gravitational field F=(name, force) propagated across the
network infrastructure.

e this can be automatically updated to reflect current position of the person

e the resulting distributed data structure is a sort of distributed network of
knowledge expressing

Who one is.
Where, in which direction and how far, one person is from another
(Figure 1 (b) and (c)).

Considering the problem from an additional perspective, contextual information
cannot be simply considered as local and locally available to components and services.
For a satisfactory adaptive orchestration of distributed activities (whether this is
intended to be the orchestrated configuration of individual components or the
coordination of distributed service components), the exploitation of local knowledge
only may not be enough. Nor can one think of concentrating in a single site or of
replicating anywhere all available knowledge, especially when this knowledge
represents dynamically evolving situations, i.e., it is subject to obsolescence. The
compromise is to enable components which need more than simply local knowledge to
organize and correlate distributed knowledge into sorts of networks that enable
distributed components to “navigate” through the available knowledge to attain, on
demand, the required degree of contextual awareness.
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Figure 1: Schematic People-to-People and People-to-Environment Coordination.

From a third and final perspective, there is a recognized need for future autonomic
communication scenarios to promote cross-layer interactions [4], which is of particular



relevance for smart environments. This means that the service level and the network
level cannot work as separated universes, each having its own goals. Rather, a
continuous exchange of information must occur between the service and the network
level, and vice-versa, so as to ensure that the overall activities of the system, at each
level, will contribute towards the achievement of a satisfactory functioning. For this
coordination and exchange of information to occur without significant interoperability
issues, there must be some place where common information and valuable knowledge
can be stored and can be properly organized so as to be accessible and understandable
by both the network and the application levels.

2.1. Application Scenarios of Knowledge Networks

Consider a person, suffering from mild dementia, who has to go regularly to a health
clinic at certain time intervals to retrieve specific treatment. The potential problem
facing persons suffering from mild dementia is that they may not only forget the time
and the place of the scheduled visit but upon arrival they may also forget the actual
purpose of the visit. If a pervasive support environment could be established which
would extend from the person’s home to their intended destination beyond the home
and could be supported via a simple mobile device, such as a PDA, this could be used
to guide the person from a spatial perspective i.e. in providing directions and in
providing cognitive reinforcement i.e. the purpose of the visit. For intelligent services
to achieve such a behaviour it is necessary that individual components of autonomous
smart environments become context-aware and exhibit self-management capabilities in
order to achieve their objective.

This type of autonomous, situation-aware communication is depicted as an example
in Figure 2. In this scenario a virtual orb surrounds a person entering a building and as
such not only senses its immediate surroundings but may also interact with individual
services provided throughout the smart environment. Such communication is not
necessarily limited to the ‘smart building’ itself but could also communicate with any
intelligent component thereof and of course individuals (family/friends/careers) that
could provide specific help and guidance.
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Figure 2: People-to-Environment Interaction with a smart environment.

This scenario as depicted in Figure 2 to exemplify further the notions of spatial
orientation reinforcement, where a number of stakeholders within close proximity to
the patient are assessed to gain an appreciation for the level of support they may be able
to offer. Consider the scenario as depicted in Figure 3. In this instance the patient is
represented as a green icon, the family member as blue and a carer as a red icon. Firstly,
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the service has identified that within the shopping centre there is one career who can
provide orientation reinforcement (Figure 3 (a)). As the patient moves the service
detects that there are now two family members who can provide support in instances of
required cognitive reinforcement and two careers who could provide orientation
reinforcement. The system has also identified a number of other stakeholders who may
be likely to move into the proximity of the patient, but at present, have not been
considered by the system to be in a position to offer assistance (coloured as grey).
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Figure 3: People-to-People Interaction (a) Patient can obtain support from one career (b) Patient can obtain
support from two careers and two family members.

3. Conclusions

It is clear that technology can be deployed within the home environment, in the from of
cognitive prosthetics, to improve the quality of life for those patients suffering from
mild dementia. Services which can be offered centre around cognitive and social
reinforcement in addition to functional support for daily activities. Mobile devices such
as PDAs or smart phones have the technical and communications abilities to provide a
platform upon which these services can be deployed. Nevertheless, to avoid reducing
the net impact of these services it is essential to consider a means to offer a continuum
of service once the patient leaves their home environment. In this study we have
addressed this issue through the proposition of a knowledge network paradigm. Our
work is underpinned by our previously developed concepts of gravitational fields
within smart spaces. We have shown how with such an approach we can offer a
continuum of service at a number of different levels of granularity for family/friends
and healthcare providers to offer orientation and cognitive reinforcement respectively.
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